| MATERIALS AND METHODS
We conducted a prospective, open, monocentric study on the clinical, radiological, immunological, mycological and pathological aspects of CRS.
The study was approved by the institutional review board proposed to all patients receiving surgical indication for CRS in our university hospital. Briefly, inclusion criteria were age ≥18 years, planned surgery for CRS, having given their written consent to participate in the study. Exclusion criteria were proven cystic fibrosis, mental or motor impairment preventing understanding or cooperation.
Anonymised data were collected. Epidemiological data were age, sex, proven allergy, asthma, aspirin intolerance, local and systemic corticosteroid intake, immunocompromised status. A 60-point symptom score was used containing the 10 following functional signs: anosmia, cacosmia, maxillary or frontal sinus pain, nasal obstruction, anterior clear or purulent rhinorrhea, epistaxis and sneazing. Lund and Mackay endoscopic score was recorded.
Blood tests included: blood count with neutrophil (NPN) and eosinophil (EoPN) granulocytes, C-reactive protein (CRP), determination of total immunoglobulin E (IgE) (standard <100 kIU/L), 1 of specific IgE (sIgE) for Aspergillus fumigatus and Alternaria alternata (<0.10 kUA/L) 1 and of total tryptasemia (<11.5 μg/L). 2 In the event of positive sIgE for Aspergillus or Alternaria, the molecular profile (IgE response to individual allergens) was performed. Aspergillus serology was also analysed using ELISA (Sérion kit, Orgentec, Trappes, France) and immunoelectrophoresis (IEP) (Sebia, Evry, France). The positivity threshold using ELISA was 70 IU/mL. IEP was considered positive if one or more precipitation arcs formed.
CT scan (unenhanced unless suspected cerebro-orbital complication or differential diagnosis with a tumour) and MRI (T1, T2, T2 with fat saturation, T1 with gadolinium injection, diffusion and perfusion) were performed. A senior radiologist, expert in ENT pathology, interpreted both CT and MRI to establish the probability of AFS or fungus ball (FB), without any knowledge of the patient diagnosis. A Likert scale rated from 1 (unlikely diagnosis) to 5 (highly likely diagnosis) was used for the CT scan, and then for MRI. For CT, criteria for this AFS probability score were 3 bilateral, asymmetric and diffuse paranasal involvement, total and heterogeneous sinus opacification, suspicion of bony erosion or osteolysis of the sinus walls and for MRI, multiple paranasal sinus signal void on T2W images.
In the pathology laboratory, after formalin fixation, morphological investigation was performed with the Gomori-Grocott stain, searching for fungal hyphae in the removed sinus content and in the mucosa (search for invasivity). The presence of EoPN aggregates and of Charcot-Leyden crystals was noted. EoPN aggregates, as well as by the absence of mucosal invasiveness. IIFS was assessed by mucosal or bone invasiveness by fungal hyphae. 4 Non-FCRS was assessed by the absence of direct fungal hyphae or a negative culture. In this group, CRSwNP was assessed by known history of sino-nasal polyposis or bilateral polyps observed in the middle meatus by endoscopy. 5 Otherwise, they were classified as CRSsNP.
Statistical analysis was carried out using Excel and R software.
Clusters were obtained by multivariate unsupervised analysis and compared with variables of interest to understand the significance of their diagnosis. Logistic regression was used in order to build diagnostic trees by CART method. A diagnostic tree associating radiologic and immunologic criteria showed that total IgE greater than 517 kUI/L confirmed AFS diagnosis ( Figure 2A ). Below this threshold, if specific IgE was greater than 0.10kUA/L, AFS was diagnosed in 66% of cases. If the diagnostic threshold of total and specific IgE was not reached and the probability score was less than 3/5 on CT scan, AFS was ruled out.
| RESULTS

Seventy
On another diagnostic tree ( Figure 2B ), a MRI diagnostic probability score for AFS lower than 3/5 excluded 86% of AFS patients (1 false-negative among 7 AFS). Associating diagnostic probability scores of CT scan and MRI superior or equal to 3/5 identified 71% of AFS patients (5/7) with 3 false positives (0.05% of non-AFS patients).
4 | DISCUSSION
| Synopsis of key
Our study suggests that:
A total IgE value>517 kIU/L confirms AFS diagnosis.
A total IgE value<517 kIU/L, a specific IgE value<0.10 kUA/L or a CT scan probability score <3/5 rule out AFS diagnosis.
| Strengths of the study
This is the first prospective study highlighting all preoperative diagnostic criteria for the diagnosis of AFS. The study lasted 12 months.
We obtained a statistically robust endotype for AFS with the clusters method.
| Comparison with other studies
Among included 71 patients, 9.8% had AFS which is comparable to data in other studies. 6, 7 Clusters method indicates that an AFS endo- Our study was open, monocentric and prospective. We included consecutively 75 patients for CRS with surgical indication during one year, and four were excluded due to cystic fibrosis.
We demonstrated the efficiency of CT scan, MRI and laboratory examinations for the diagnosis of AFS.
We found that allergic status, unilateral or bilateral pansinusitis involvement, headache, intraoperative observation of mucin and fungal material, total IgE ≥ 517 kIU/L and positive-specific anti-Aspergillus IgE, the uncertain to high likelihood for AFS diagnosis at CT and MRI were predictive factors.
In conclusion, preoperative diagnosis of allergic fungal sinusitis requires sinus MRI and CT, total and anti-Aspergillus IgE to be included in the initial work-up prescribed by ENT specialists for atypical or refractory CRS with or without polyps.
symptoms of a CRSwNP but without polyps could therefore be suspected of AFS. These data should be compared with published data classifying AFS among diseases with polyps. 6 The diagnostic tree of radiology alone showed that the combination of an MRI with CT would increase sensitivity and diagnostic specificity. AFS is multisinusal and evolves in a highly inflammatory context where the mucin is difficult to diagnose on CT scan as it occupies the entire sinusal space and conceals fungal content. MRI provides a clearer distinction between the fungal content and the mucin, resulting in a T2 signal void. 8 Eggesbo et al 9 reported the benefits of MRI in soft tissue characterisation differentiating pyocele, FCRS, neoplastic process, or an orbital and cerebral complication. IgE for the diagnosis of AFS. It is difficult to diagnose all AFS by the specific IgE anti-Aspergillus and Alternaria. However, Aspergillus was found to be the most common fungus in our series (65% 
